Abstract: This paper argues about the utility of advanced knowledge-based techniques to develop web-based applications that help consumers in finding products within marketplaces in e-commerce. In particular, we describe the idea of model-based approach to develop a shopping agent that dynamically configures a product according to the needs and preferences of customers. Finally, the paper summarizes the advantages provided by this approach.
Introduction
In the knowledge engineering field, a set of methods and techniques has been proposed the last decade to decrease the effort of building large and complex knowledge systems. One of the important ideas of this set of solutions is that it is useful to follow a model-based approach, which can be particularly appropriate in the context of webbased applications. In e-commerce, special kind of software tools conceived as shopping agents [1] are oriented to simulate the behavior of an employee of a company that helps a customer in finding and selecting an appropriate products. Shopping agents are able to perform different specialized tasks such as: customer needs interpretation, product configuration according to the needs, justification of proposals based on utility factors, etc. To carry out these tasks, this type of agents must combine different types of deep knowledge about the commercial relation, which requires a flexible knowledge representation to automatically provide efficient answers and an adequate user-system interaction.
Thus, this paper presents, first, a summary of the concept of model-based development of knowledge systems and, then, the paper presents how this technology can help in building advanced intelligent sales assistants, illustrated with the case of a shopping agent for configurable products. Finally, the paper presents a summary of the advantages provided by the model-based approach for the development of shopping agents. observed system are formulated by using a particular formal representation that facilitates an adequate comprehension of the system architecture and, consequently, an appropriate level of flexibility for maintenance and reuse. In the field of knowledge engineering, a knowledge model can be formulated as an abstraction of the knowledge that an observer (the knowledge engineer) ascribes to a human expert to support a particular problem-solving competence. Some recent methodologies for knowledge system development follow this model-based approach [2, 3] . This type of methodologies normally provide a set of abstract description entities based on natural intuitions that capture different epistemological issues better than the traditional view of information processing, using a particular logical level for system description called knowledge level [4] . Entities such as tasks, problem-solving methods, domain ontologies, types of knowledge bases, etc. are normally used in this context. The model-based approach also facilitates the management of abstract reusable designs (conceived as general problem solving methods, PSM) that can be used to guide the development of new applications and, therefore, decrease the effort of knowledge acquisition. Specific software tools such as KSM [5] (figure 1) can facilitate the development of the operational version of such models. The models developed with this tool that can be also combined with an agent-based approach [6] . KSM produces the operational version using knowledge-based software components and help developers and end-users in creating and maintaining complex sets of knowledge bases with different symbolic representations.
Modeling commercial knowledge of sales assistants
The analysis of commercial knowledge corresponding to a sales assistant shows the presence of different types of expertise and reasoning processes that need to be adequately structured. In the following, we describe how we applied the recent knowledge modeling approach to produce a final model that support an advanced virtual web-based system for configurable products. Basically, we followed three main phases: (1) analysis of user-system interaction to identify top-level tasks, (2) knowledge-level analysis to formulate a generic model that supports the previous usersystem interaction, and (3) system design at symbolic level to produce the operational version. This section presents a summary of the first and second phases. Information about the third one (symbolic representation) together with an application in the field of photography equipment can be found at [7] . . The interaction between sales assistant and customer is based on a kind of negotiation process where: (1) the assistant recommends candidate product configurations based on the interpretation of the customer needs (i.e., a successful relation with the customer must be based on the needs instead of the technical details of the product [8] ), (2) the assistant must be able of justifying the proposals with convincing explanations, for example, based on utility factors, and (3) the customer must be able of changing (total or partially) the proposals. Figure 2 shows the set of tasks that we identified for a sales assistant according to the previous requirements.
In a second step, we analyzed the commercial knowledge that could provide the previous interaction. Basically, the sales assistant needs to bring together at least three kinds of expertise: (1) knowledge about the products, (2) knowledge about the customer, and (3) knowledge about the company interests. The reasoning process developed by the assistant considers different issues from these three different knowledge sources, sometimes combining contradictory criteria that must be solved with additional strategic knowledge. Figure 3 shows a summary of the corresponding types of knowledge to support the tasks identified in the previous section. According to the recent knowledge-engineering methodologies, as it was presented in the previous section, a general knowledge model was formulated as a set of hierarchies of tasks, problem-solving methods and types of knowledge bases. The figure 4 shows a general view of the knowledge model. The figure 4 shows the main global tasks that support the interaction with the customer, associated to the corresponding knowledge models. Figure 4 also shows in more detail the model of one of the main tasks of the sales assistant: configure product. This model is graphically represented as a hierarchy of tasks (circles) and methods (rectangles) with types of knowledge bases (cylinders).The task configure product is carried out by an adaptation of a general artificial intelligence method for design problems, called routine design [9] . The basic idea of this method is to divide the whole design decision in partial classification tasks corresponding to the different components. The whole design is found through a tentative search that proposes hypotheses of design that are rejected when the corresponding design constraints are not satisfied, which forces to backtrack to generate alternative proposals. 
Discussion and conclusions
In summary, the paper shows how the recent advances in the field of knowledge modeling can be applied to develop advanced and complex agent-based systems in ecommerce. In order to cope with the analysis of this knowledge and the implementation of the system, the model-based approach provided the following advantages: 1. Guided knowledge acquisition. The identification of standard classes of tasks (e.g., diagnosis, configuration, classification, etc.) allows developers to use existing knowledge-based patterns that guide the knowledge acquisition process. In the case of sales assistance, the interpretation of customer needs can be viewed as a classification task (to be done, for example, with the heuristic classification method) and the dynamic assembly of components for product configuration is a configuration task (e.g., routine-design method). 2. High level of representation. The knowledge-level concept provides an additional logical level for application formulation. With this, it is possible to identify the cognitive resources of the system without considering symbolic implementation issues, which is useful to formulate the structure and organization of the system before the implementation with more intuitive, natural and abstract terms.
3. Generic reusable design for different domains. The resulting knowledge model can be abstractly defined using an abstract terminology and types of knowledge bases. Thus, the model is not committed with a specific domain, so it can be reused for different fields. For example, the model described in this paper identifies the knowledge and reasoning processes of a virtual sales assistant for configurable products. But its organization is general, i.e., it can be applied to different domains (e.g., photography equipment, computers configuration, etc.). 4. Advanced software environments for implementation. For the implementation of the model, advanced software environments can be used to help developers in building the final system with the help of knowledge-based software components (e.g., KSM [5] ). The paper presents an innovative knowledge-based model of a virtual assistant that simulates the dynamic configuration of a product according to the interpretation of customer needs. This type of service supposes a significant advance compared to the general tools that can be found in the current marketplaces. The proposed model together with the modeling techniques can be the basis for a new generation of agentbased marketplaces that provides more assistance to customers.
